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(57) Abstract: A system and method for the reduction of NO, emissions from combustion sources are provided. The system in-
cludes a fuel tank, fuel converter unit, condensor unit, selective catalytic reduction (SCR) unit and an engine. The condensor unit
& includes a generally cylindrical inner wall defining a cavity having a first lower end and a second upper end, the first lower end
is configured to include a gas inlet for receiving a gas mixture from the fuel converter and the second upper end is configured to
include a gas outlet in fluid communication with the SCR unit. A heat exchanger is disposed within the cavity of the condensor unit
to contact the gas mixture and separate heavy hydrocarbons from light hydrocarbons, wherein the light hydrocarbons are fed to the
SCR unit and the heavy hydrocarbons are condensed and either send back to the fuel tank or directly to the engine for combustion.
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CONDENSOR UNIT FOR NO, EMISSION REDUCTION SYSTEM

BACKGROUND OF THE DISCLOSURE

[0001] This disclosure relates generally to a system and method for reducing NO
emissions in locomotives and vehicles that employ hydrocarbon-based fossil fuels,

and more particularly, to a condensor unit for a NOy emission reduction system.

[0002] Production of emissions from mobile and stationary combustion sources
such as locomotives, vechicles, power plants, and the like, has resulted in
environmental pollution. One particular source of such emissions is NOy emissions
from vehicles. Environmental legislation restricts the amount of NOy that can be
emitted by vehicles. In order to comply with this legislation, efforts have been

directed at reducing the amount of NOy emissions.

[0003] One method of emission reduction is directed to minimizing the amount of
NOx emissions produced during the process of combustion in engines. This method
generally involves redesigning engines to optimize the combustion of fuel. This
approach has resulted in the reduction of NOy over the years; however, it is expensive

and all efforts so far have not resulted in any substantial reduction in NOy emissions.

[0004] Another method is directed to using an ammonia selective catalytic reactor
(SCR) to reduce NOy emissions. In this method, a solution of ammonia or urea
contacts the exhaust stream of the combustion source to reduce the NOy to nitrogen
over a SCR catalyst, water and carbon dioxide (if urea is used). This method is
disadvantageous in that toxic chemicals such as ammonia or urea have to be carried

on vehicles and maintained at sufficient levels for NO, reduction.

[0005] Yet another method is the “lean NOy trap” method that involves the
dispersion of metal catalysts onto substrates such as, for example, barium oxide
(BaO), calcium oxide (CaQ) or barium carbonate (BaCO3) to form NOy traps which
are placed in the exhaust stream of a vehicle engine. When, for instance, BaO is
saturated with NOy thus forming barium nitrate, Ba(NOs),, reductants are used to
reduce the Ba(NOj;), back to BaO and nitrogen. NOy emissions into the atmosphere

are then reduced in this way. The cycle is then repeated. This method requires a large
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NOx trap often in a dual bed arrangement. For application on a locomotive or other
mobile combustion sources, this method of reducing NOx would be too expensive and

would take considerable space.

[0006] Furthermore, NOy SCR systems employing diesel fuel directly as the NOy
reductant have been demonstrated in the past. However, straight injection of diesel
fuel has shown to be inefficient because it causes coking on the SCR catalyst. In
addition, when the exhaust temperature is low, injecting diesel fuel directly to the
exhaust stream cannot reduce the NOy. Also, there has been application of lighter
hydrocarbons, such as propane, as NOy reductants to the SCR system, but those

concepts do not present feasibility for vehicular on-board systems.

[0007] It is therefore desirable to have a fuel conversion system that does not
require carrying toxic chemicals, and avoids the development of expensive
infrastructure for reductant distribution. Furthermore, a need exists for techniques for
generating NOy reductants while increasing fuel efficiency of the fuel conversion

System.

BRIEF DESCRIPTION OF THE DISCLOSURE

[0008] A system and method for generating a mixture of hydrocarbons in the C,-C;;
range, plus H; and CO, as NOy reductants to be injected in an engine exhaust stream
are provided. A condensor unit with a built-in heat exchanger is also provided to
condense the Cj3+ hydrocarbons provided by a fuel or diesel converter. The
condensor unit of the present disclosure works at different hot vapor compositions &
flow rates and allows the desired hydrocarbon stream, ¢.g., C;; or less, to be injected
into the engine exhaust stream and non-desired heavy hydrocarbons, ¢.g., in the C; or

greater range, to be condensed and sent to a fuel tank of the fuel system.

[0009] According to an aspect of the present disclosure, a condensor unit is
provided. The condensor unit includes a generally cylindrical inner wall defining a
cavity having a first lower end and a second upper end, where the first lower end is

configured to include a gas inlet and the second upper end is configured to include a



WO 2008/024579 PCT/US2007/074071

gas outlet. A heat exchanger is disposed within the cavity along the cylindrical wall
dividing the cavity into a lower cavity and an upper cavity, wherein the heat
exchanger is configured to contact a gas entering the gas inlet and separate heavy
hydrocarbons from light hydrocarbons. The light hydrocarbons flow out of the
condensor unit through the gas outlet and the heavy hydrocarbons condense and

collect in the lower cavity.

[0010] According to another aspect of the present disclosure, a system for reducing
NOx emissions includes a fuel tank in fluid communication with a fuel converter,
wherein the fuel converter is located down stream of the fuel tank and wherein the
fuel converter comprises a catalyst composition that is operative to continuously
convert heavy hydrocarbons, such as diesel fuel which is typically comprised by
hydrocarbons having 13 or more carbon atoms per molecule, into light hydrocarbons
having 12 or less carbon atoms per molecule; a condensor unit located downstream of
the fuel converter and upstream of a selective catalytic reduction unit, the selective
catalytic reduction unit in fluid communication with the condensor unit and located
downstream of the condensor unit; and an engine in fluid communication with the
fuel tank and the selective catalytic reduction unit, wherein the engine is located
downstream of the fuel tank and upstream of the selective catalytic reduction unit;
wherein the condensor unit comprises a generally cylindrical inner wall defining a
cavity having a first lower end and a second upper end, the first lower end is
configured to include a gas inlet for receiving a gas mixture from the fuel converter
and the second upper end is configured to include a gas outlet in fluid communication
with the selective catalytic reduction unit, a heat exchanger disposed within the cavity
along the cylindrical wall dividing the cavity into a lower cavity and an upper cavity,
wherein the heat exchanger is configured to contact the gas mixture entering the gas
inlet and separate heavy hydrocarbons, from condensation driven by dew point, from
light hydrocarbons, wherein the light hydrocarbons are fed to the selective catalytic
reduction unit and the heavy hydrocarbons are condensed and collected in the lower

cavity.

[0011] In a further aspect of the present disclosure, a method for reducing NO
emissions is provided. The method includes converting in the presence of a catalyst

composition, heavy hydrocarbons, such as diesel fuel which is typically comprised by
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hydrocarbons having 13 or more carbon atoms per molecule, into a light
hydrocarbons having 12 or less carbon atoms per molecule; wherein the catalyst
composition comprises sites that perform a cracking function and sites that perform a
catalytic partial oxidation function, wherein the cracking function enables the
conversion of the heavy hydrocarbon molecules to light hydrocarbon molecules, and
wherein the catalytic partial oxidation function enables oxidation of a hydrocarbon-
based fossil fuel and coke that is deposited on the catalyst composition; separating the
light hydrocarbon molecules from heavy hydrocarbon molecules by condensing the
heavy hydrocarbons into a liquid; reacting the light hydrocarbon molecules with an
exhaust stream of an engine in the presence of a selective catalytic reduction catalyst;

and reducing NOy content in the exhaust stream.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above and other aspects, features, and advantages of the present
disclosure will become more apparent in light of the following detailed description

when taken in conjunction with the accompanying drawings in which:

[0013] FIG. 1 illustrates an exemplary system for reducing NOy emissions in

accordance with the present disclosure;

[0014] FIG. 2 is a schematic diagram of an exemplary embodiment of a condensor

unit in accordance with the present disclosure; and

[0015] FIG. 3 is an exemplary method flow chart illustrating the separation process

of the condensor unit in accordance with aspects of the present disclosure.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0016] Preferred embodiments of the present disclosure will be described
hereinbelow with reference to the accompanying drawings. In the following
description, well-known functions or constructions are not described in detail to avoid

obscuring the disclosure in unnecessary detail.
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[0017] It is to be noted that as used herein, the terms “first,” “second,” and the like
do not denote any order or importance, but rather are used to distinguish one element
from another, and the terms “the”, “a” and “an” do not denote a limitation of quantity,
but rather denote the presence of at least one of the referenced item. Furthermore, all

ranges disclosed herein are inclusive of the endpoints and independently combinable.

[0018] Furthermore, in describing the arrangement of components in embodiments
of the present disclosure, the terms “upstream” and “downstream” are used. These
terms have their ordinary meaning. For example, an “upstream” device as used herein
refers to a device producing a fluid output stream that is fed to a “downstream”
device. Moreover, the “downstream” device is the device receiving the output from
the “upstream” device. However, it will be apparent to those skilled in the art that a
device may be both “upstream” and “downstream” of the same device in certain

configurations, €.g., a system comprising a recycle loop.

[0019] In diesel engine exhaust treatment systems, a mixture of hydrocarbons in the
C,-C; range is desired as a NOy reductant to be injected in the engine exhaust stream
prior to the SCR (sclective catalytic reduction) catalyst unit. In these exhaust
treatment systems, the engine's diesel fuel (a hydrocarbon mixture generally including
Cio up to Cy4 compounds) is catalytically cracked by an autothermal catalytic (ATC)
cracking process and converted into a mixture of H,, CO, CO,, and a plurality of
hydrocarbon species ranging from CH,4 to diesel range. The preferred hydrocarbons
for the NOx SCR process are within the C,-Cj, range. Since the product mixture is
comprised of that range and of higher hydrocarbons, likely up to Cu, a separation
procedure is required. Furthermore, the separation process is performed because the
hydrocarbons above the C,-C;, range, and particularly above Ci,, are known to cause
coking on the SCR catalyst and are not efficient NOx reductants as well. In addition,
the typical yield of the ATC cracking process is less than 45% in the desired product
range, thus a large amount of undesirable and unconverted feed is encountered in the
outlet stream of the fuel converter unit, which will cause a large fuel penalty because
Ciz+  hydrocarbons are sent to the SCR catalyst together with the lighter

hydrocarbons.
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[0020] Disclosed herein is a system for the continuous reduction of NOy emissions
in locomotives, stationary generators, and vehicles. The system advantageously
utilizes hydrocarbons in a range of C,-C;; plus H, and CO obtained from a diesel
converter unit (DCU) and condensor unit to reduce NOy emissions. The diesel
converter unit (DCU) converts fuel, for instance diesel fuel, into a gas mixture
including a plurality of hydrocarbon species ranging from CHjy to diesel range, and the
condensor unit condenses the heavy hydrocarbons, e.g., in the CH; s+ range, and emits
light hydrocarbons in the CH,-CH;;, range. These light hydrocarbons are mixed with
the exhaust stream of the engine and facilitate a reduction of NOy emissions in the
presence of a hydrocarbon-based selective catalytic reduction (SCR) catalyst bed. The
light hydrocarbons plus the CO and H, exiting the condensor unit will react with the
NOx in the exhaust stream and reduce NOy to nitrogen at the surface of a selective
catalytic reduction (SCR) unit, thereby reducing NOy emissions from the vehicle. The
system can be advantageously utilized on-board in all types of vehicles that employ
internal combustion engines powered by hydrocarbon-based fossil fuels or isolated
units that have no access to other reductants. The system can also be advantageously
utilized on-board in all types of locomotives that employ engines and turbines
powered by hydrocarbon-based fossil fuels. In one embodiment, the hydrocarbon-
based fossil fuels are liquids. In particular, the system can be advantageously utilized
in vehicles that employ diesel engines such as passenger vehicles, buses, ships, off-
road vehicles, etc. Locomotives that employ diesel engines and diesel turbines can
advantageously use the system on-board for reduction of NOy emissions. The system
can be also utilized in stationary combustion sources burning hydrocarbon-based fuels

such as generators, boilers or the like.

[0021] With reference now to FIG. 1, an example of system 10 for the reduction of
NOy emissions comprises a fuel tank 12, a diesel converter unit 14, a condensor unit
16, a SCR unit 20 and an engine 18. The fuel tank 12 is upstream of the diesel
converter unit 14, the condensor unit 16 and the SCR unit 20. The fuel tank 12, the
diesel converter unit 14, the condensor unit 16 and the SCR unit 20 are in fluid
communication with one another. The condensor unit 16 is located between the diesel
converter unit 14 and the SCR unit 20 and is upstream of the SCR unit 20. The
condensor unit 16 is in fluid communication with the fuel tank 12, the diesel converter

unit 14 and the SCR unit 20. The engine 18 is located downstream of the fuel tank 12
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and in fluid communication with the fuel tank 12. The engine 18 is located upstream
of the diesel converter unit 14 and the SCR unit 20 and is in fluid communication with
both the diesel converter unit 14 and the SCR unit 20. In operation, the engine 18 is
supplied with fuel from fuel tank 12 and produces exhaust gases. These gases are
recovered using a manifold (not shown) at the outlet of the engine 18 and are

discharged as exhaust stream 19.

[0022] The term “fluid communication” encompasses the containment and/or
transfer of compressible and/or incompressible fluids between two or more points in
the system 10. Examples of suitable fluids are gases, liquids, combinations of gases
and liquids, or the like. The use of pressure transducers, thermocouples, flow sensors,
hydrocarbon sensors and NOy sensors aid in communication and control. In one
embodiment, computers and/or microprocessors can be used to aid in the flow of
fluids in the system. The term “on-board” refers to the ability of a vehicle or

locomotive to host the system 10 in its entirety aboard the vehicle or locomotive.

[0023] A variety of fuels may be stored in the fuel tank 12 and used in the system
10. In one embodiment, the fuel is a hydrocarbon-based fossil fuel. It is desirable for
the hydrocarbon-based fossil fuel to be a liquid. Examples of suitable liquids are
diesel, gasoline, jet-fuel, logistic fuel (JP-8), kerosene, fuel oil, bio-diesel, or the like,
or a combination comprising at least one of the foregoing hydrocarbon-based fossil
fuels. As will be discussed in further detail below, the fuel converter 14 converts
heavy hydrocarbons to light hydrocarbons which are then used to reduce NOy in the
exhaust. Heavy hydrocarbons are hydrocarbons that have 13 or more carbon atoms. In
an exemplary embodiment, an exemplary heavy hydrocarbon is diesel. Light
hydrocarbons are those that have 12 or less carbon atoms. Exemplary light
hydrocarbons are those having about 2 to about 9 hydrocarbons. Light hydrocarbons
are also termed paraffinic hydrocarbons. Paraffinic hydrocarbons can be saturated or

unsaturated.

[0024] The fuel converter 14 comprises a fixed bed reactor that comprises a catalyst
composition. It is desirable for the catalyst composition to be able to operate under
conditions that vary from oxidizing at the inlet of the reactor to reducing conditions at

the exit of the reactor. The catalyst should be capable of operating effectively and
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without any thermal degradation from a temperature of about 200 to about 900°C. The
catalyst should operate effectively in the presence of air, carbon monoxide, carbon
dioxide, water, alkanes, alkenes, cyclic and linear compounds, aromatic hydrocarbons
and sulfur-containing compounds. The catalyst composition should provide for low
levels of coking such as by preferentially catalyzing the reaction of carbon with water
to form carbon monoxide and hydrogen thereby permitting the formation of only a
low level of carbon on the surface of the catalyst. The catalyst composition should be
able to resist poisoning from such common poisons such as sulfur and halogen
compounds. Moreover, an exemplary catalyst composition may satisfy all of the

foregoing requirements simultancously.

[0025] The catalyst composition is bifunctional, i.c., it performs a cracking function
and a catalytic partial oxidation function. The cracking function involves the breaking
of hydrocarbon-based fossil fuel molecules (e.g., diesel) into shorter molecules to
extract low-boiling fractions such as gasoline. An exemplary cracking function
involves the breaking of heavy hydrocarbon molecules having thirteen or more carbon

atoms to light hydrocarbon molecules having twelve or less carbon atoms.

[0026] The catalytic partial oxidation function involves the oxidation of coke or
hydrocarbons into carbon monoxide and hydrogen. The catalyst composition
generally comprises sites that perform the catalytic partial oxidation function
(catalytic partial oxidation sites) located adjacent to sites that perform the cracking

function (cracking sites).

[0027] In one embodiment, the catalyst composition contained in the fuel converter
14 is bifunctional, i.e., it serves to crack heavier hydrocarbons to light hydrocarbons,
while simultaneously preventing poisoning of the catalyst composition from coke
depositions. Coke build-up that occurs during the cracking of hydrocarbons while
using traditional zeolite cracking catalysts during processes such as fluidized catalytic
cracking (FCC) deactivates the catalyst. The bifunctional catalyst advantageously
slows down coke build-up rate on the surface of cracking catalysts, thus allowing it to
continue being active for cracking hydrocarbons, which would normally not occur on

conventional cracking catalysts operating under similar conditions.
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[0028] In the catalyst composition, since the catalytic partial oxidation reaction is
an exothermic reaction, while cracking is an endothermic reaction, the heat generated
at a catalytic partial oxidation site facilitates the endothermic cracking reaction and
also facilitates the oxidation of coke. In one embodiment, the catalytic partial
oxidation sites are used to oxidize the coke away from the cracking sites to keep the

cracking sites clean and active.

[0029] The use of a fuel converter 14 that employs the catalytic composition is
advantageous in that it may use only a single fixed bed reactor to convert diesel fuel
to a mixture of light hydrocarbons and syngas. Syngas comprises hydrogen and
carbon monoxide. This mixture of light hydrocarbons and syngas can be used as a
reducing agent for NOy reduction in the diesel engine exhaust. If desired, the fuel
converter 14 can employ more than one fixed bed reactor to improve productivity. For
example, the catalytic converter can employ about 2 to about 6 fixed bed reactors if

desired.

[0030] The catalytic partial oxidation sites generally comprise noble metals that
perform the catalytic partial oxidation function. The catalytic partial oxidation sites
comprise one or more “platinum group” metal components. As used herein, the term
“platinum group” metal implies the use of platinum, palladium, rhodium, iridium,
osmium, ruthenium or mixtures thercof. Exemplary platinum group metal components
are thodium, platinum and optionally, iridium. The catalyst composition generally
comprises about 0.1 to about 20 wt% of the platinum group metal. The platinum
group metal components may optionally be supplemented with one or more base
metals, particularly base metals of Group VIII, Group IB, Group VB and Group VIB
of the Periodic Table of Elements. Exemplary base metals are iron, cobalt, nickel,

copper, vanadium and chromium.

[0031] The cracking sites generally comprise a zeolite. The zeolites generally have
a silica-to-alumina mole ratio of at least about 12. In one embodiment, a zeolite
having a silica-to-alumina mole ratio of about 12 to about 1000 is used. In one
embodiment, a zeolite having a silica-to-alumina mole ratio of about 15 to about 500
is used. Examples of suitable zeolites are RE-Y (rare earth substituted yttria), USY
(ultrastable yttria zeolite), RE-USY ZSM-5, ZSM-11, ZSM-12, ZSM-35, zeolite beta,
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MCM-22, MCM-36, MCM-41, MCM-48, or the like, or a combination comprising at

least one of the foregoing zeolites.

[0032] Zeolites also contemplated for use in this process are the crystalline
silicoaluminophosphates (SAPO). Examples of suitable silicoalumino-phosphates
include SAPO-11, SAPO-34, SAPO-31, SAPO-5, SAPO-18, or the like, or a

combination comprising at least one of the foregoing silicoaluminophosphates.

[0033] The platinum group catalysts along with other base metal catalysts are
washcoated onto molecular sieves disposed in the fuel converter to form the catalytic
composition. In one embodiment, the catalytic partial oxidation sites comprise about
0.1 to about 5.0 weight percent (wt%) of the total weight of the catalytic composition.
In a preferred embodiment, the catalytic partial oxidation sites comprise about 0.3 to

about 1.0 wt% of the total weight of the catalytic composition.

[0034] In an exemplary embodiment, in one method of operating the fuel converter
14, a gas-assisted nozzle is utilized to atomize the fuel at a low-pressure inlet into the
fuel converter 14 (not shown). The fuel, which primarily comprises heavy
hydrocarbons, undergoes cracking to form light hydrocarbons. The light hydrocarbons
are then used to reduce the NOy emitted in the engine exhaust. The reduction of the
NOy with the light hydrocarbons occurs in the presence of a SCR catalyst as will be

described below.

[0035] A portion of the hot exhaust gas that is emitted by the locomotive engine,
e.g., slip stream exhaust 21, can be used as a secondary gas for atomizing the fuel. Air
can also be employed as the secondary gas for atomizing the fuel. In an exemplary
embodiment, a portion of the exhaust stream is combined with air to form the
secondary gas to facilitate the catalytic partial oxidation reaction. The amount of hot
engine exhaust gas is effective to light off the catalytic partial oxidation reaction in
the fuel converter 14. The heat released from the exothermic catalytic partial
oxidation reaction will drive the endothermic cracking reaction forward. Water
present in the exhaust stream can facilitate the reduction of coke formation on the

catalyst.

10
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[0036] The condensor unit 16 is located between the fuel converter 14 and the SCR
unit 20, e.g., a SCR catalyst reactor. The condensor unit 16 is located down stream of
the fuel converter 14 and upstream of the SCR catalyst reactor 20. The condensor unit
16 is in fluid communication with the fuel converter 14 and the SCR unit 20. A feed
back loop between the condensor unit 16 and the fuel tank 12 serves to recycle heavy
hydrocarbons to the fuel tank 12 or engine 18 as will be described below. The
condensor unit 16 seeks to increase fuel efficiency and increase the robust nature of
the SCR catalyst. Additionally, the condensor unit 16 introduces more robustness to

the system 10 by producing a rich stream of useful reductants to the SCR unit 20.

[0037] Referring to FIG. 2, the condensor unit 16 is illustrated. The condensor unit
16 includes a generally cylindrical inner wall 22 defining a first cavity 24 and a
generally cylindrical outer wall 26 substantially surrounding the inner wall 22. The
gap defined between the inner wall 22 and outer wall 26 forms a fluid jacket 28 for
containing coolant to cool or lower the temperature of the contents of the inner wall
22. A plate fin heat exchanger 30 is disposed in the cavity 24 and is coupled to the
inner wall 22 in such a way to be in fluid communication with jacket 28. The outer
wall 26 is configured to include a coolant inlet port 32 and a coolant outlet port 34.
The flow of coolant through the condensor unit will be controlled by control valve 36
as will be described below. In one embodiment, the coolant inlet and outlet ports 32,
34 will include bypass valves 38, e.g., a 3-way valve, to bypass the coolant around the

condensor unit 16 as necessary.

[0038] Heat exchanger 30 is disposed in the cavity 24 to divide cavity 24 into a
lower cavity 40 and an upper cavity 42. The lower cavity 40 of the condensor unit 16
includes a gas mixture inlet port 44, which is in fluid communication with the fuel
converter unit 14. The products of the fuel converter unit 14, including H,, CO, CO,
and a plurality of hydrocarbon species ranging from CHjy to diesel range, in addition
to N, and some O, flow in gas phase at a temperature of at least 600 degrees Celsius
to the condensor unit via gas mixture inlet port 44. The gas mixture inlet port 44
extends into the lower cavity 40 and includes a gas distributor 46 to evenly distribute
the gas mixture received from the fuel converter unit 14. The gas mixture inlet port 44
extends into the lower cavity 40 to allow liquid condensate to collect at the bottom of

the cavity 40 without flowing back into the inlet port 44. A condensate outlet 48 is

11
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configured along the inner wall 22 in the lower cavity 40 and is in fluid
communication with the fuel tank 12 to allow liquid condensate collected in the
condensor unit to flow to the fuel tank 12. Furthermore, a gas outlet port 50 is
configured along on the inner wall in the upper cavity 42 and is in fluid
communication with the SCR unit 20. The separated light hydrocarbons will flow

through to the gas outlet port 50 to the SCR unit 20.

[0039] It is to be appreciated that the heat exchanger 30 is configured to have a
large surface area, e.g., a plurality of fins, to come into contact with the entering gas
mixture to efficiently perform the separation procedure. By including a coolant jacket
28 in the condensor unit 16, the surface area to come into contact with the gas mixture
is increased, i.e., the inner wall 22 aids the heat exchanger in the separation process.
Furthermore, the condensor unit 16 may also contain packing material (not shown) to
enhance the contact with the gas further. The packing material will be disposed in the
lower cavity 40. Packing material may include random packing structures such as
raschig rings, typically employed in absorption, distillation and stripping applications,

or high performance structured metal packing.

[0040] Referring again to FIG. 2, a controller 52 is provided for controlling the
overall operations of system 10 and of the condensor unit 16. Although other sensors,
transducers, valves, etc. may be employed in the system 10, only the system
components associated with the condensor unit will be described. The system 10
includes a first temperature sensor 54 for monitoring the gas outlet temperature
coupled to controller 52 via sensing line 56 and a second temperature sensor 58 for
monitoring the gas inlet temperature coupled to controller 52 via sensing line 60.
Control valve 36 is modulated to control the flow of coolant via command line 62,
and bypass valves 38 are positioned via command lines 64, 66. Furthermore, the
system 10 includes a liquid level control sensor 68 coupled to controller 52 via
sensing line 70 and condensate outlet control valve 72 which is positioned via

command line 74.

[0041] It is to be appreciated the controller 52 may comprise a micro-controller or a
solid-state switch configured to communicate with the sensors 54, 58, 68 and the flow

control valves 36, 72. In one embodiment, the controller 52 comprises an analog-to-

12
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digital converter accessible through one or more analog input ports. In another
embodiment, the controller 52 may include read-out displays, read-only memory (not
shown), random access memory (not shown), and a conventional data bus (not
shown). As will be recognized by those of ordinary skill in the art, the controller 52
may be embodied in several other ways. In one embodiment, the controller 52 may
include a logical processor (not shown), a threshold detection circuitry (not shown)
and an alerting system (not shown). Typically, the logical processor is a processing
unit that performs computing tasks. It may be a software construct made up using
software application programs or operating system resources. In other instances, it
may also be simulated by one or more physical processor(s) performing scheduling of
processing tasks for more than one single thread of execution thereby simulating more

than one physical processing unit.

[0042] In operation of the system 10, the products of the fuel conversion process,
which include H,, CO, CO,, and a plurality of hydrocarbon species ranging from CHy
to diesel range, in addition to N, and some O, flow in gas phase at a temperature of at
least 600 degrees Celsius out of the fuel converter unit 14 to the condensor unit 16.
This stream is introduced into the condensor unit 16 via the gas mixture inlet port 44.
The condensor unit 16 uses a coolant, which can be water or other fluid, that will have
its temperature or flow controlled to separate components of the gas mixture entering
the condensor unit. It is to be appreciated that coolant in the range of from ambient
temperature, e.g., 20°C, up to 80°C is readily available in conventional locomotives
from engine cooling operations, and therefore, no substantive changes to the existing
infrastructure are necessary. The coolant circulates in the plate-fin heat exchanger 30
and in the fluid jacket 28 built around the condensor unit to maintain the contents of
the condensor unit at a predetermined separation temperature setpoint wherein
components of the gas mixture having a dew point above the predetermined setpoint
will condense and components having a dew point below the predetermined setpoint

will remain in a gas state.

[0043] The hydrocarbon separation temperature is marked by monitoring the outlet
gas temperature via temperature sensor 54. The desired predetermined setpoint is
selected based on the boiling point distribution of the components in the gas mixture.

In general, hydrocarbons having a higher number of carbon atoms per molecule
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(“heavier” hydrocarbons) have a higher dew point than hydrocarbons having a lower
number of carbon atoms per molecule (“lighter” hydrocarbons). The setpoint is
chosen so as to condense hydrocarbon species heavier than what is desired to be
present in the reductant composition, thereby separating these undesired species from
the lighter, more desired species. In general, therefore, the setpoint is chosen to be in
a range that is less than or equal to the dew point of the lightest hydrocarbon species
of all of the hydrocarbon species desired to be condensed from the gas mixture, and
greater than the dew point of the heaviest hydrocarbon species of all the hydrocarbon
species desired to remain in the vapor state (which are to be used as the reductant).
For instance if it is desired to have a gas outlet composition of hydrocarbons C;, and
below, the setpoint will be a temperature at which only hydrocarbons having a carbon
atom per molecule number above C;, would condense. The setpoint for this mixture is
controlled at gas outlet 50. The predetermined temperature setpoint will depend upon
composition of the gas mixture entering inlet 44 and system pressure and can be
derived via estimates, after the composition of outlet 50 is known. The controller 52
will adjust the control valve 36 in the coolant outlet so that the temperature of the
outlet gas will match the desired separation temperature setpoint. Thus, by selecting
the temperature of the outlet gas to specific value, all components in the gas mixture
with a dew point on and above that temperature will condense and flow downward
inside the condensor unit, thus accumulating at the bottom of the condensor unit in the

lower cavity 40 and drained through port 48.

[0044] The gas that leaves the top of the condensor unit via outlet port 50 is
hydrocarbon-based NOy reductant having a carbon content in the range desired for use
with the SCR unit 20; the gas can be sent directly to the SCR unit 20 from the
condenser unit. The liquid condensate is not required for the NOx SCR unit but is
generally still very useful engine fuel. Therefore, the condensate may be recycled
back to the engine 18. This recovery and re-use of the hydrocarbon condensate is
accounted in the balance calculation for the desired product yield of the fuel converter
unit 14, thus increasing its value by 5-7 fold. Yield is defined on the basis of amount
of desired products divided by amount of feed to converter unit 14. The amount
recycled effectively reduces the perceived amount of feed to converter unit 14, thus

increasing the actual yield.
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[0045] FIG. 3 is an exemplary method flow chart illustrating the separation process
of the condensor unit in accordance with aspects of the present disclosure. As will be
appreciated by one of ordinary skill in the art, the method may represent one or more
of any number of processing strategies such as event-driven, interrupt-driven, multi-
tasking, multi-threading, and the like. As such, various steps or functions illustrated
may be performed in the sequence illustrated, in parallel, or in some cases omitted.
Likewise, the order of processing is not necessarily required to achieve the objects,
features and advantages of the present disclosure, but is provided for ease of
illustration and description. Although not explicitly illustrated, one of ordinary skill in
the art will recognize that one or more of the illustrated steps or functions may be

repeatedly performed depending on the particular strategy being used.

[0046] Initially at step 102, the system 10 will start up and controller 52 will
initialize and perform any necessary start-up routines. In step 104, the controller 52
will determine the status of the engine 18 to determine if the engine is running or not.
The status of the engine will be provided by any known conventional means such as a
contactor, current switch, etc. If is it determined that the engine 18 is operating, the
controller 52 will position the bypass flow control valves 38 to allow the coolant to
flow through the condensor unit 16, e.g., flow through the jacket 28 and heat
exchanger 30 (step 106).

[0047] The gas mixture entering the gas mixture inlet port 44 should not be allowed
to escape as a gas through the condensate outlet port 48. Therefore, the controller 52
will monitor the liquid level in the lower cavity via the liquid level control sensor 68
to ensure there is a column of liquid inside cavity 40, thus preventing the gas mixture
from escaping. In step 108, the controller 52 will then determine if the liquid level in
the lower cavity 40 of the condensor unit is above a predetermined setpoint or level. If
it is determined that the liquid level is above the predetermined setpoint, the controller
will open condensate outlet control valve 72, in step 110, allowing the condensate to
flow to the fuel tank 12 and/or engine 18. Otherwise, the controller 52 will close the

condensate outlet control valve 72, in step 112.

[0048] In step 114, the controller will measure the gas outlet temperature via

temperature sensor 54 and modulate the coolant outlet valve 36 to maintain the gas
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outlet temperature at the predetermined separation temperature setpoint, in step 116.
By controlling the coolant in this manner, the condensor unit 16 and/or heat
exchanger 30 will employ a variable heat transfer feature. By maintaining the gas
outlet temperature at the predetermined setpoint, components of the gas mixture
having a dew point lower than the predetermined setpoint temperature will condense
and collect in the lower cavity 40 of the condensor unit 16 while components having a
dew point greater than the predetermined separation temperature setpoint will remain
in a gas state and exit the condensor unit via the outlet port 50. The liquid condensate
will either collect in the cavity 40 or flow to the fuel tank 12 depending on the
position of the condensate outlet valve 72. In one embodiment, the process will
continuously loop back to step 104 until the controller determines the engine is shut
down. In step 118, upon engine shutdown, the controller 52 will position the bypass
flow control valves 38 to divert coolant around the condensor unit 16, open coolant

outlet valve 36 and close the condensate outlet valve 72.

[0049] The light hydrocarbons obtained from the condensor unit 16 are then
permitted to flow to the SCR unit 20, where they are used to reduce the NOy in the
engine exhaust stream. The reduction of NOx occurs over a selective catalytic
reduction catalyst. Examples of suitable selective catalytic reduction catalysts are
metals such as silver, gallium, cobalt, molybdenum, tungsten, indium, bismuth,
vanadium or a combination comprising at least one of the foregoing metals in a
binary, ternary or quaternary mixture disposed upon a suitable support. Oxides of
metals can be used as catalysts if desired. Oxides of metals can also be used as
catalyst supports. Examples of suitable metal oxide supports are alumina, titania,
zirconia, ceria, silicon carbide, or a combination comprising at least one of the

foregoing materials.

[0050] The light hydrocarbons can be used to reduce NOy in the exhaust stream,

according to the following overall reaction (1).

[0051] NO, + O, + organic reductant ~—> N, + CO, + H,0 (1)

[0052] The exhaust stream usually comprises air, water, CO, CO,, NOy, SOy, H,O

and may also comprise other impuritics. Water contained in the exhaust stream is
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generally in the form of steam. Additionally, uncombusted or incompletely combusted
fuel may also be present in the exhaust stream. The light hydrocarbon molecules
comprising less than or equal to about 12 carbon atoms along with CO and H, is fed
into the exhaust stream to form a gas mixture, which is then fed through the selective
catalytic reduction catalyst. Sufficient oxygen to support the NOy reduction reaction
may already be present in the exhaust stream. If the oxygen present in the exhaust
stream is not sufficient for the NOy reduction reaction, additional oxygen gas may
also be introduced into the exhaust stream in the form of air. In some embodiments
the gas mixture comprises from about 1 mole percent (mole %) to about 21 mole % of
oxygen gas. In some other embodiments the gas mixture comprises from about 1 mole

% to about 15 mole % of oxygen gas.

[0053] The NOy reduction reaction may take place over a range of temperatures. In
one embodiment, the reduction reaction can occur at a temperature of about 200°C to
about 600°C. In another embodiment, the reduction reaction can occur at a
temperature of about 300°C to about 500°C. In yet another embodiment, the reduction

reaction can occur at a temperature of about 350°C to about 450°C.

[0054] Therefore, according to aspects of the present disclosure, by providing a
condensor unit at the outlet of the fuel converter, separation of desired NOy reductant
components occurs thereby generating an on-board supply of a desired range of
hydrocarbon reductants for the SCR unit. Thus, reductant comprising hydrocarbons
comprising a desired range of carbon content is sent to the NOyx SCR system and the
condensed part is recycled back to the fuel tank that feeds the engine. This recycling
conserves fuel and increases the fuel conversion process efficiency as evidenced by,
e.g., an increased product yield 5-7 fold greater than typical diesel cracking processes.
The system and method of the present disclosure provides flexibility to select the
component range to be separated, by adjusting the separation temperature setpoint,
while using a coolant that is readily available, e.g., 80 degree Celsius water which is

available in today's locomotive.

[0055] While the disclosure has been illustrated and described in typical
embodiments, it is not intended to be limited to the details shown, since various

modifications and substitutions can be made without departing in any way from the
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spirit of the present disclosure. As such, further modifications and equivalents of the
disclosure herein disclosed may occur to persons skilled in the art using no more than
routine experimentation, and all such modifications and equivalents are believed to be

within the spirit and scope of the disclosure as defined by the following claims.
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WHAT IS CLAIMED IS:

1. A condensor unit comprising;:

a generally cylindrical inner wall defining a cavity having a first lower end
and a second upper end, the first lower end is configured to include a gas inlet and the
second upper end is configured to include a gas outlet;

a heat exchanger disposed within the cavity along the cylindrical wall dividing
the cavity into a lower cavity and an upper cavity, wherein the heat exchanger is
configured to contact a gas entering the gas inlet, to allow a gaseous species to exit
via the gas outlet, to condense a condensate from the gas, and to collect the

condensate in the lower cavity.

2. The condensor unit as in claim 1, wherein the gaseous species comprises light

hydrocarbons and the condensate comprises heavy hydrocarbons.

3. The condensor unit as in claim 1, wherein a coolant is circulated through the

heat exchanger.

4. The condensor unit as in claim 3, further comprising a temperature controller
configured to maintain a predetermined temperature setpoint of the gaseous species

flowing out of the gas outlet by modulating the flow of coolant.

5. The condensor unit as in claim 4, wherein the gas comprises a plurality of
hydrocarbon species and wherein the predetermined temperature setpoint is chosen
from a range that is less than or equal to the dew point of the lightest hydrocarbon
species of all of the hydrocarbon species desired to be condensed from the gas, and
greater than the dew point of the heaviest hydrocarbon species of all the hydrocarbon

species desired to remain in a vapor state.
6. The condensor unit as in claim 5, wherein the predetermined temperature

setpoint is the dew point of the lightest hydrocarbon species to be separated and

condensed from the gas entering the condensor unit.

19



WO 2008/024579 PCT/US2007/074071

7. The condensor unit as in claim 1, further comprising an outer wall
substantially surrounding the inner wall and forming a gap therebetween, the gap

being in fluid communication with the heat exchanger.

8. The condensor unit as in claim 7, wherein a coolant is circulated through the

heat exchanger and the gap.

9. The condensor unit as in claim 8, further comprising a temperature controller
configured to maintain a predetermined temperature setpoint of the gas species

flowing out of the gas outlet by modulating the flow of coolant.

10. The condensor unit as in claim 9, wherein the gas comprises a plurality of
hydrocarbon species and wherein the predetermined temperature setpoint is chosen
from a range that is less than or equal to the dew point of the lightest hydrocarbon
species of all of the hydrocarbon species desired to be condensed from the gas, and
greater than the dew point of the heaviest hydrocarbon species of all the hydrocarbon

species desired to remain in a vapor state.

11. The condensor unit as in claim 10, wherein the predetermined temperature
setpoint is the dew point of the lightest hydrocarbon species to be separated and

condensed from the gas entering the condensor unit.

12. The condensor unit as in claim 10, wherein the first lower end of the inner
wall includes a condensate outlet port for draining the condensate from the lower

cavity.

13. The condensor unit as in claim 12, further comprising a liquid level control
apparatus, wherein a minimum level of condensate is maintained in the lower cavity
to prevent the gas entering the gas inlet from escaping through the condensate outlet

port.

14. A system for reducing NOx emissions comprising:
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a fuel tank in fluid communication with a fuel converter, wherein the fuel
converter 18 located down stream of the fuel tank and wherein the fuel converter
comprises a catalyst composition that is operative to continuously convert heavy
hydrocarbons having 13 or more carbon atoms per molecule into light hydrocarbons
having 12 or less carbon atoms per molecule to form a gas mixture;

a condensor unit located downstream of the fuel converter and upstream of a
selective catalytic reduction unit;

the selective catalytic reduction unit in fluid communication with the
condensor unit and located downstream of the condensor unit; and

an engine in fluid communication with the fuel tank and the selective catalytic
reduction unit, wherein the engine is located downstream of the fuel tank and
upstream of the selective catalytic reduction unit;

wherein the condensor unit comprises a generally cylindrical inner wall
defining a cavity having a first lower end and a second upper end, the first lower end
is configured to include a gas inlet for receiving the gas mixture from the fuel
converter and the second upper end is configured to include the gas outlet in fluid
communication with the selective catalytic reduction unit, and a heat exchanger
disposed within the cavity along the cylindrical wall dividing the cavity into a lower
cavity and an upper cavity, wherein the heat exchanger is configured to contact the
gas mixture entering the gas inlet, to allow light hydrocarbons to flow to the selective
catalytic reduction unit via the gas outlet, to condense the heavy hydrocarbons to a

condensate and collect the condensate in the lower cavity.

15. The system as in claim 14, further comprising an outer wall substantially
surrounding the inner wall and forming a gap therebetween, the gap being in fluid

communication with the heat exchanger.

16. The system as in claim 15, wherein a coolant is circulated through the heat

exchanger and the gap.
17. The system as in claim 16, further comprising a temperature controller

configured to maintain a predetermined temperature setpoint of the gas flowing out of

the gas outlet by modulating the flow of coolant.
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18. The system as in claim 17, wherein the gas mixture comprises a plurality of
hydrocarbon species and wherein the predetermined temperature setpoint is chosen
from a range that is less than or equal to the dew point of the lightest hydrocarbon
species of all of the hydrocarbon species desired to be condensed from the gas, and
greater than the dew point of the heaviest hydrocarbon species of all the hydrocarbon

species desired to remain in a vapor state.

19. The system as in claim 18, wherein the predetermined temperature setpoint is
the dew point of the lightest hydrocarbon species to be separated from the gas mixture

entering the condensor unit.

20. The system as in claim 18, wherein the first lower end of the inner wall
includes a condensate outlet port for draining the condensate of heavy hydrocarbons

from the lower cavity and feeding the condensate to the engine.

21. The system as in claim 20, further comprising a liquid level control apparatus,
wherein a minimum level of condensate is maintained in the lower cavity to prevent
the gas mixture entering the gas inlet from escaping through the condensate outlet

port.

22. The system as in claim 14, wherein exhaust gas from the engine is fed to the
selective catalytic reduction unit where the light hydrocarbons react with the exhaust

gas to reduce NOy content in the exhaust gas.

23. The system as in claim 14, wherein the catalyst composition comprises sites
that perform a cracking function and sites that perform a catalytic partial oxidation
function, wherein the cracking function enables the conversion of the heavy
hydrocarbon molecules to light hydrocarbon molecules, and wherein the catalytic
partial oxidation function enables oxidation of a hydrocarbon-based fossil fuel and

coke that is deposited on the catalyst composition.

24, The system as in claim 14, wherein the fuel tank comprises diesel, kerosene,

bio-diesel, gasoline, jet fuel, logistic fuel and fuel oil.
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25. A vehicle or stationary generator employing the system of claim 14.

26. A locomotive employing the system of claim 14 on-board.

27. A method comprising:

converting in the presence of a catalyst composition, a heavy hydrocarbon
molecule having 13 or more carbon atoms per molecule into a light hydrocarbon
molecule having 12 or less carbon atoms per molecule; wherein the catalyst
composition comprises sites that perform a cracking function and sites that perform a
catalytic partial oxidation function, wherein the cracking function enables the
conversion of the heavy hydrocarbon molecules to light hydrocarbon molecules, and
wherein the catalytic partial oxidation function enables oxidation of a hydrocarbon
based fossil fuel and coke that is deposited on the catalyst composition;

separating the light hydrocarbon molecules from heavy hydrocarbon
molecules by condensing the heavy hydrocarbons into a condensate;

reacting the light hydrocarbon molecules with an exhaust stream of an engine
in the presence of a selective catalytic reduction catalyst; and

reducing NOx content in the exhaust stream.

28. The method as in claim 27, wherein the converting of the heavy hydrocarbon
molecules to the light hydrocarbon molecules occurs in the presence of a secondary

gas comprising hot gases from the exhaust stream of the engine.

29. The method as in claim 27, further comprising feeding the light hydrocarbon

molecules to the selective catalytic reduction catalyst.

30. The method as in claim 29, further comprising feeding the heavy hydrocarbon

molecules to the engine or a fuel tank.

31. The method as in claim 30, wherein the separating step occurs in a condensor

unit maintained at a predetermined separation temperature setpoint.

32. The method as in claim 31, wherein the predetermined temperature setpoint is

chosen from a range that is less than or equal to the dew point of the lightest
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hydrocarbon species of all of the hydrocarbon species desired to be condensed from
the gas, and greater than the dew point of the heaviest hydrocarbon species of all the

hydrocarbon species desired to remain in a vapor state.
33. The method as in claim 32, wherein the predetermined temperature setpoint is
the dew point of the lightest hydrocarbon species to be separated and condensed from

the gas mixture entering the condensor unit.

34, A locomotive employing the method of claim 27 on-board.
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